INTRODUCTION
Several different theories have been advanced to explain the mechanism of tooth eruption. This has been defined by Massler and Schour' as the process whereby a developing tooth migrates from an intraosseous location in the jaw to its functional position within the oral cavity. They also evaluated each of these theories with regard to clinical and experimental observations. Substantial factual evidence for the support of any one of them is lacking, since this aspect of tooth development has been little investigated. However, much support has been given to a concept linking the vascularity of the pulpal and periodontal tissues with tooth eruption and theoretically suggesting that the local eruptive force results from osmotic pressure or tissue tension.
Constant8 was the first to suggest a relationship between vascularity and eruption. He considered the blood pressure exerted in the vascular tissues at the base of a forming tooth as the active mechanical factor in eruption. Tomesn agreed that the blood pressure, by keeping up a state of general tension in the area, could drive a tooth in any direction. The rich vascular bed of the rat incisor was believed by Boyle' to be comparable in effect to a hydraulic chamber. Schour and Massler' concluded that the eruptive force was probably related to vascularity and tissue tension at the basal end of the tooth.
Several investigators (Leist, Breitner and Leist,' King, ' and Edwards and Kitchin') by performing unilateral cervical sympathectomies in guinea pigs and rabbits induced temporary accelerations in eruption rates ; ¶ and, in certain cases (kittens"), precocious eruption* was achieved. All concluded that this was due to vasodilation in the jaws on the operated side, since the vasoconstrictor fibers had been severed. However, only King's claimed that he could histologically demonstrate increased vascularity in the dental and periodontal tissues. Butcher and Taylor' failed to increase the eruption rate of the rat incisor by cervical sympathectomy. But their operative procedure differed from that of those cited above since they also "transected" the common carotid. Keith'8) recognized an active formation of osseous vessels concomitant with growth of bone in acromegaly, ". . . capillaries and especially the venous sinuses, increase in number and size." The converse of this observation was born out in hypophysectomized'" S7 and thyroidectomized8 rats, when a marked reduction in vascularity of pulpal and periodontal tissues was correlated with retardation of eruption. Replacement therapy with growth hormone and thyroxin, separately and together, progressively returned both vascularity and eruption rates towards normal.
The above hypotheses and experimental observations suggest that eruption of teeth is dependent upon the dental vascular supply. Conclusive evidence of this relationship and how a local driving force culminates from its presence is lacking. In view of this, a study was initiated to determine whether the eruption rate of the right mandibular rat incisor could be altered by local injections of a vasodilating and a vasoconstricting drug. The immediate aim was to encourage local changes in the vascular bed of the treated incisor while at the same time minimizing, if possible, systemic manifestations. This investigator felt that an experiment of such a nature might clarify the basis for a vascular theory of eruption and shed further light on this physiological phenomenon.
MATERIALS AND METHODS
For this study 120 albino rats (Sprague-Dawley strain) approximately four months old were used. Separated as to sex and placed on a Purina rat chow diet for two weeks they were then divided into five equal groups of 24 animals (12 males and 12 females).
Each rat was anesthetized in an ether jar, weighed, and had its right mandibular incisor notched with a fine jeweler's file at the labio-gingival margin. This procedure, plus measuring with a vernier caliper the distance that the notch had migrated from the gum line was repeated every seventh day until the experiment was completed. After a one-week control period, treatment of the first four groups was started and consisted of the following daily injections (Tables 1 and 2 All injections were administered with a 25-gauge needle at the base of the right mandibular incisor by means of an extra-oral approach through the masseter muscle. In the cases of Groups A, B, and C the volume of injected fluid was .08 cc. Daily injections were given for 21 days and then each group was equally divided into subgroups I and II. Subgroup I had its treatment continued during the final week, while the injections were stopped in subgroup II.
Group E served as untreated controls for a total of three weeks. Starting on the 21st day these animals were handled once a day by holding each rat for 10 seconds as though a mandibular injection were to be given. During the final week of experimentation this group was also divided, with handling being continued in subgroup I.
A few animals were sacrificed weekly for histological evaluation and additional ones at the end of the experiment (Table 3) . Sacrifice was by chloroform inhalation onehalf hour after the last treatment. Tissues including mandibles and vital organs were recovered, examined grossly, fixed in formalin, decalcified when necessary, and stained with hematoxylin-eosin.
Untreated reserve rats with eruption rates of 2.8 mm./week and starved animals whose eruption rates measured 2.1 mm./week were also sacrificed for histological comparisons with the treated groups.
Statistical analyses of weekly weight gains and eruption rates were carried out.
RESULTS
No animals, when examined grossly during the experiment, exhibited adverse effects from the treatment. Evidence of infection at the injection Controls showed a slight increase in eruption rate during the last week before handling. But a sudden and significant increase was apparent once this procedure was initiated (Table 4 and Fig. 1 ).
The left mandibular incisors at the end of the third week of the treatment period measured the same as the right.
Except for the Priscoline-treated animals, there was no significant difference in the respective eruption rates when treatment was stopped in one-half the animals. Subgroup AI, with continued vasodilator injections, showed a further slight increase in eruption rate to 3.4 mm., while subgroup AII exhibited a sudden drop to 2.88 mm. when treatment was stopped (Fig. 2) showed an increase in eruption rate after one week of cleaned, and compared no response over normal; group E exhibited a sudden grossly, marked differincrease in eruption rate when handled.
ences were apparent at the basal or formative end of the continuously growing incisors. In the normal untreated rat with a weekly eruption rate of 2.8 mm./week this area stands out on the buccal aspect of the mandible as a rounded projection, directed upwards and backwards beneath the coronoid process. Its posterior border is below but even with the anterior margin of the mandibular notch. In rats with elevated eruption rates (3.6 mm. and up) the projection is more prominent buccally and extends higher and further distally than the normal. These findings were directly proportional to an increase in eruption rate. The converse was apparent in rats with below normal eruption rates (2.1 mm./week), for they showed only a slight buccal projection that did not extend upwards and backwards as much as in the normal animals (Figs. 3 and 4) . These findings were further substantiated when ground jaw sections were prepared.
Histological distinctions based upon the type of drug or treatment given were not significant. Regardless between incisor eruption rates and microscopic findings. In with elevated eruption rates these were: those animals
1. An increase in vascularity about the tooth, characterized by an enlargement of capillaries and vascular spaces and an increased volume of tissue fluid on both the periodontal and enamel sides of the incisor, noted when there was an acceleration in eruption rate.
2. The alveolar bone had a scalloped-out appearance adjacent to the base of the incisor and frequently exhibited microscopic fractures along the periodontal membrane attachments. At these times periodontal attachments appeared narrower and their fibers were stretched.
3. Enamel calcification was poorest and predentin thickest in these instances.
4. Organ study did not reveal significant differences except possibly in the thyroid and adrenals. When eruption rates were exceptionally high (4.2-4.5 mm./week), thyroid follicles often appeared larger and their colloidal material stained deeper. The adrenals were smaller with capsular infoldings in rats with subnormal eruption rates (2.1 mm./week).
DISCUSSION
The normal extrusive growth rate of the adult albino rat mandibular incisor has been measured to be 2.8 mm./week (Addison and Appleton'), 2.78 mm./week (Downs'0), and 2.9 mm./week (Shadle, Wagner, and Jacobs'). This investigator's finding of 2.80 mm./week with a S.D. of + 0.17 as computed in 120 young adult Sprague-Dawley rats of both sexes when measured over a one-week control period is in keeping with these former results.
Maintaining treatments locally to the base of the right incisor was not possible. This was evidenced by the fact that the left incisor, when measured for extrusive growth, mimicked its right counterpart. Nevertheless, the results obtained were significant. A reaction which will be called the "excitability factor" may have caused the increased eruption rate. This became apparent in the untreated control animals when they were subjected to daily handling in addition to weekly ether anesthesia. Defecation and urination as measures of emotionality in rats have been used in the past."" The behavior of rats when given mandibular injections, roughly handled, or subjected to ether anesthesia was consistent in that defecation and urination were markedly increased at these times. This may well be one of the overt signs of the "excitability factor's" presence.
An accelerated eruption rate due to rough handling has not previously been reported in the literature. Knowledge of its superimposition upon the treatments given in this experiment obscures any interpretation of those treatments and may present a factor heretofore not taken into account in other eruption rate studies where daily handling was a part of the procedure.
It is not clear how this "excitability factor" affects eruption rate. It is assumed to be a systemic manifestation which may be acting (i) on the attritional activity of the incisors; (ii) directly on the eruptive force within the jaws, or (iii) a combination of both. In studying the eruption rate of the rat incisor, attrition must be taken into consideration. Presumably, the eruptive potential is regulated by attrition and must always be greater than The increased local vascularity and tissue fluid content which were apparent whenever there was an accelerated eruption rate indicates a correlation between the dental vascular bed and eruption. But this does not prove that vascularity serves as the eruptive force within the jaws. When the behavior of the growth center of the incisor is taken into consideration, it appears that vascularity merely serves as a local control mechanism over the eruptive force. If the activity of the odontogenic epithelium and pulpal connective tissue were not stimulated as an accelerated eruption rate is achieved, the position of the dental organ would be shifted anteriorly, and eventually the incisor would be extruded from the jaw. However, this forward shift is only noticeable when there is a decrease in eruption rate. With eruption rates that are exceptionally great (3.8 mm.-4.5 mm./week), there is displacement of the odontogenic epithelium in a posterior superior lateral direction with concomitant bone resorption in these areas. In other words the tooth is actually elongating faster than it is erupting in a forward direction. This phenomena indicates that excessive attrition is not here the primary cause of the increased eruption rate. It appears rather that there is an increase in attrition but still not enough to allow full expression of the increased eruption rate.
Baume et al.' also recognized that the odontogenic epithelial diaphragm was not fixed in its position. When delayed eruption of the rat incisor resulted from x-ray irradiation, Dale9 noted a concomitant cessation of both amelogenesis and dentinogenesis. Medak et al." ' in similar studies attributed a deceleration of eruption to the primary destruction of the fast growing basal end of the pulpal connective tissue. The association of vascularity with amelogenesis and dentinogenesis as well as a relationship with eruption has been noted by Schour and VanDyke in the hypophysectomized rat" and by Baume et al. in thyroidectomy8 and hypophysectomy' studies. Removal of the pulp and Hertwig's sheath (Herzberg and Schour'), however, did not alter the normal eruption rate of the rat incisor still under attritional pressure. Apparently this eliminated any role of the pulp and the formative dental organ in the eruptive process of continuously growing teeth. However, normal conditions within the jaw were altered by surgery and the state of the tooth then paralleled that of an "erupting" root fragment or bone spicule activated by pressure on the overlying tissue.
Interpreting the actions of the vasodilating and vasoconstricting drugs in this experiment was difficult since the effect of the "excitability factor," which alone may increase eruption rate, was superimposed. When only the Priscoline-treated group showed a drop to a normal eruption rate within one week after discontinuing treatment, it indicated that Priscoline did exercise an effect. By the same token Levophed, with its ability to maintain a near normal eruption rate for one week despite the "excitability factor," exhibited that it too had some influence.
SUMMARY AND CONCLUSIONS
The influence of local injections of Priscoline hydrochloride and Levophed bitartrate as well as daily handling upon the eruption rate of the mandibular incisor in 120 albino rats (Sprague-Dawley) was studied. Normal and sham-treated controls together with rats exhibiting subnormal eruption rates were compared grossly and histologically with experimental groups. A statistical analysis, based upon weekly weight gains and eruption rate determinations, was computed.
This investigation showed that: 1. The normal eruption rate for the mandibular incisor of SpragueDawley rats, 120-150 days old, was found to be 2.8 mm./week.
2. An "excitability factor" aroused by weekly ether anesthesia and daily handling caused an increased eruption rate in all groups. This factor which is discussed may be a peculiarity of the Sprague-Dawley strain or rats in general.
3. The gross and histological findings could be correlated with variations in eruption rate but not with the treatments given.
4. Increases in vascularity and tissue fluid content were directly correlated with accelerated eruption rates which sometimes reached 4.5 mm./week.
5. When the eruption rate was substantially increased, there was a backward and upward shifting of the odontogenic growth center of the incisor. A forward and downward shifting of this area in cases of subnormal eruption was also noted.
6. Eruption of the continuously growing rat incisor is locally controlled by vascularity and attrition, while the eruptive force is probably derived from the activity of the proliferating odontogenic epithelium and pulpal cells.
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